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Abstract 
Traffic congestion is one of the major problems of large metropolitan cities. Apart from recurrent congestion that is a regular 
disturbance for inhabitants of these cities; irregular congestion borne by issues such as traffic incidents or special events is 
another aspect in this context. The focal point of this paper is the special events which are activities planned in advance and 
significantly increases travel demand. For this aim, a revealed preference survey is conducted at three major venues belonging 
to three popular football teams in Istanbul and a binary logit model of mode choice preferences for trips to these venues is 
estimated. The results indicate that public transport is predominantly preferred for special event trips. However, a limited 
inclination for the use of private vehicle is observed for older and high-income individuals as well as for shorter trips. 
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1. Introduction 
Special events such as important football matches, concerts, strikes, demonstrations, and large-scale activities 
may have various impacts on urban traffic. In general, these events may affect the urban transportation system in 
many aspects including but not limited to traffic flow, traveler behavior, traffic demand, and transportation 
network reliability. In this context, the planning stage of various types of special events should focus and rely on 
the traffic management measures. Traffic management procedures of such events generally handle the problems 
in three main phases, namely the traffic management planning phase, the day-of-event management phase, and 
the post-event evaluation phase (Yuan & Zhang & Zhang, 2009). Nevertheless, it is a well-established fact that 
 
* Corresponding author. Tel.: +90-212-285-3665. 
E-mail address: tezcanhu@itu.edu.tr 
Available online at www.sciencedirect.com
 013 The Authors. Published by Elsevier Ltd. 
lection and/or pe r-review under esponsibil ty of Scientific Com ittee
99 Shakibaei Shahin et al. /  Procedia - Social and Behavioral Sciences  111 ( 2014 )  98 – 106 
the success of a planned special event is highly dependent on the traffic conditions of the host city regardless of 
the traffic management measures applied. 
The aim of this study is to analyze the modal choices of football spectators with respect to their socio-
economical and trip-related properties. It is undeniable that for the last century, football has been the most 
popular activity amongst people, all around the world. Thousands of people with different backgrounds, from 
young to old, from literate to illiterate, and from poor to wealthy pursue the news related to football and support 
their favorite teams in stadiums. In Turkey, there are a number of football clubs with huge fan bases that spread 
all around the country. Istanbul-based, Galatasaray, Fenerbahce, and Besiktas teams are three of the most 
important ones with this characteristic. During many national and international contests of these teams, hundreds 
of thousands of people support their favorite clubs in stadium and streets that heavily affect the traffic conditions 
in advance, during and after the match. Istanbul, the most crowded city of Turkey, is the only city in the world 
where Asia and Europe collides with more than 14 million of residents. Venue of Fenerbahce (Kadikoy Sukru 
Saracoglu Stadium) is situated in the Asian part of the city close to the major attraction points of the Asian side. 
On the other hand, venue of Besiktas (Besiktas Inonu Stadium) is close to the main city center of Istanbul in 
European side while Galatasaray’s recently constructed stadium (Seyrantepe Turk Telekom Arena), in European 
side of the city, is somewhat far from the city centre; nevertheless, has a convenient access to the major attraction 
points of the European side. The location of each venue in Istanbul is presented in Figure 1. 
The city is served by a number of public transport facilities including rail systems, public bus network, bus 
rapid transit (BRT), ferryboats, rope railways, and taxis. During peak hours, the public transportation system is 
usually inadequate to cope with the high demand with acceptable quality. This matter gains even more 
importance when such special events take place and there may be incessant complaints about traffic, parking, and 
poor transportation supply. Taking extremely long trips to get to the stadium at the time of the match, lack of 
proper and adequate parking spaces, long walking distances to the stadium after parking the car, high rates of 
parking costs at the time of event, getting tickets for parking in the neighbourhood, the extent of time spent to 
leave the venue, and inconvenient conditions of public transportation system are a number of serious problems 
which annoy the people. 
 
 
Fig. 1. Locations of Venues 
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In this study, revealed transportation preferences of people at the mentioned stadiums have been analyzed by 
conducting surveys in advance and after three matches of each football team, and a binary logit model of trip 
preferences is estimated. This model will act as a starting point to provide different policies in reducing the 
negative impacts of special events on city traffic. 
2. Literature Review 
Traffic issues at special events may have serious impacts on economic activities, neighboring areas, regional 
travelers and municipal organizations at the time of event, before and after that. A number of researches and 
studies have been conducted on controlling the traffic and offering better services at such events. Especially in 
USA, Canada, some developed European countries and China, travel demand management (TDM) is one of the 
most important measures to control the demand for special events such as a significant football match. TDM 
measures have been implemented in a number of important special events in those countries suchlike the matches 
in Hollywood Bowl and Rose Bowl in USA, Gelredome-Arnhem in the Netherlands, and Edison Field in Canada. 
Traditional solutions to better the traffic conditions at special events consist of increasing the number of parking 
spaces and making better use of existing roadways. To reach this goal, building more parking areas, using 
tandem/stack parking, employing more traffic/parking control staff, better timing of traffic signals, directing 
vehicles to uncongested roadways and available parking areas, and using highway advisory radio could be 
implemented. Another role of TDM in special events management is its design that aims to change the travel 
behavior in order to reduce vehicle trips. Consequently, it may improve air quality, reduce congestion, diminish 
parking demand and improve circulation. TDM can also affect several dimensions of travel demand such as 
means or mode of travel, frequency of travel, route or path of travel and time of day that travel takes place (Valk 
& Showalter, 2010). In order to reach the best results of using TDM, required TDM actions would be analyzed 
for travel choice factors such as cost, convenience, ease of access, safety, presence of travel alternatives, 
reliability, comfort (physical and psychological), etc. 
Generally, the major factors in deeming TDM are type of audience, size of crowd, event timing, and location 
of venue. As for type of audience, age profile, pre/post gathering habits and tendency to group traveling are the 
main items to be considered. Furthermore, arrival/departure patterns, season, time of day and duration of the 
event are basic factors in event timing process. At modeling stage of the TDM usually, several assumptions are 
considered to understand the travel behavior of fans or participants at the event locations. Examples of such 
assumptions are the share of participants coming from a particular geographical area, The behavior of 
participants with private vehicles including parking preferences, the share of individuals using public transport 
modes, etc. (Valk & Showalter, 2010). 
An important special event which heavily affects the world and particularly the host city is the Olympic 
Games. The management studies for recent Olympic Games provide valuable background for handling large-
scale events. For instance, the traffic model of Athens Olympic Games consisted two phases: the normal 
operation of the city without considering the special impacts of the event on the networks, and the normal 
operation of the city in conjunction with additional travel demand with regard to the Games (Frantzeskakis & 
Frantzeskakis, 2006). Similarly, the special event management of Sydney Olympic Games considered the 
demand in three vast classes: travel associated with normal Sydney activities, normal Sydney plus recreational 
and touristic demands, and Olympic demand (Anita, 2000). As for Beijing Olympic Games, demand analysis of 
Olympic transport was sophisticated. The travel demand was categorized in two broad groups: base demand and 
Olympic demand, resulting in base model and game model. Base model considered the travel demand associated 
with normal activities of the residents while the Olympic demand model deemed the additional demand generated 
by the Olympic games. It was observed that both models were integrated and not fully independent and some 
modifications in base model were required (Yan & Yang & Fu, 2010). 
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3. Estimation Data 
The questionnaire used in this paper targets individuals travelling to Besiktas Inonu Stadium (Venue 1), 
Seyrantepe Turk Telekom Arena (Venue 2) and Kadikoy Sukru Saracoglu Stadium (Venue 3) to attend football 
matches. The interviews were conducted to a total of 199 randomly selected individuals during match days at 
each venue; 63 at Venue 1, 66 at Venue 2, and 70 at Venue 3. The questions consist of a number of socio-
demographic and preference-related attributes. The former group includes age, gender, vehicle ownership status 
and monthly income while the latter group contains  perceived trip time and trip cost of the respondents’ chosen 
trip mode as well as number of games attended per season and whether the individual owns a season ticket or not.  
Table 1 presents the averages and standard deviations of these attributes where the average values for the 
dummy attributes represent their share. The averages given in the table indicate a relatively young (average age is 
less than 30) and mostly male (around 86%) sample of individuals. Furthermore, more than 40% own a season 
ticket and close to half of the sample owns a private vehicle. In terms of trip characteristics, average trip cost of 
private vehicle is approximately 5.5 times more than public transport whereas their trip times are quite close. The 
huge discrepancy between the trip costs is obviously incurred by the additional parking cost which is 4.31 TL, on 
average. 
Table 2 presents the breakdown of the modal choices for the entire sample and according to gender, season 
ticket holder and private vehicle ownership status (dummy variables). According to Table 2, the modal choices of 
the entire sample indicate a general dominance for the use of public transport with a share of 75.88%. A broad 
look to the breakdown for the dummy variables also replicates this dominance. For private vehicle owners and 
season ticket holders, the share of public transport is relatively low compared to the share of entire sample 
(50.56% and 65.48%, respectively). However, this is expected since both of the strata have income levels above 
average (2925 TL/month and 2626 TL/month, respectively). In general, high income coupled with owning a 
private vehicle would lead to a high share for the use of private vehicle however for the special events observed 
in this study, the conditions apparently discouraged the use of this mode. Another interesting but rather 
unexpected result is the share 92.59% of public transport among females that might have something to do with 
the abovementioned conditions, as well. 
 Table 1. Averages and standard deviation of attributes 
Attribute Average Standard Deviation 
Age 29.55 8.83 
Male 0.86 0.34 
Monthly income (TL/month) 1918 1795.36 
Season ticket holder 0.42 0.49 
Private vehicle owner 0.45 0.50 
Number of attended games per season 12.25 8.59 
Private vehicle trip cost (TL) 17.68 8.96 
Private vehicle trip time (min) 51.19 27.95 
Public transport trip cost (TL) 3.25 2.66 
Public transport trip time (min) 48.58 21.47 
As of April 25, 2013; 1 USD approximately equals to 1.80 TL 
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Table 2. Breakdown of the modal choices for the entire sample and according to gender, season ticket holder and private vehicle ownership 
status (shares are in parenthesis) 
Mode Choice Entire Sample 
Gender Season Ticket Holder Private Vehicle Owner 
Male Female Yes No Yes No 
Private Vehicle 
48 
(24.12) 
46 
(26.74) 
2 
(7.41) 
29 
(34.52) 
19 
(16.52) 
44 
(49.44) 
4 
(3.64) 
Public Transport 
151 
(75.88) 
126 
(73.26) 
25 
(92.59) 
55 
(65.48) 
96 
(83.48) 
45 
(50.56) 
106 
(96.36) 
TOTAL 199 172 27 84 115 89 110 
 
Table 3 delivers the breakdown of the modal choices according to different age and income ranges. The shares 
given in the table also indicate the dominance for the use of public transport, similar to the results in Table 2. In 
terms of age categorization the share of public transport takes the highest value for individuals below 20 and the 
lowest for the ones over 40; both of which are normally expected. Moreover, according to Table 3, as the income 
level decreases the share of public transport increases. 
Table 3. Breakdown of the modal choices according to different age and income ranges (shares are in parenthesis) 
Mode Choice 
Age Monthly Income (TL) 
 20 21-30 31-40 > 40  1500 1501-2500 > 2500 
Private Vehicle 
3 
(11.54) 
17 
(17.35) 
16 
(31.37) 
12 
(50.00) 
13 
(12.87) 
15 
(28.30) 
20 
(44.44) 
Public Transport 
23 
(88.46) 
81 
(82.65) 
35 
(68.63) 
12 
(50.00) 
88 
(87.13) 
38 
(71.70) 
25 
(55.56) 
TOTAL 26 98 51 24 101 53 45 
4. Data Generation 
The data used in this study do not include the preferences of respondents with respect to possible alternatives 
since only the trip characteristics of chosen modes are inquired. As the current state of the data is not suitable to 
estimate a choice model, a data generation process is applied by generating trip characteristics of non-chosen 
alternatives. In this context, the average trip time and trip costs of both mode choices for each venue are used. For 
any individual k (k = 1, 2, …, n) travelling to venue i (i =1, 2, 3) by mode j (j = 1, 2) the trip time (NTT) and trip 
cost (NTC) of non-chosen alternatives can be calculated by referring to the average values of chosen alternatives 
(TT and TC, respectively). The mathematical expressions for this procedure are presented in Eq. 1 and 2. 
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5. The Choice Model 
This paper analyzes the modal choices of individuals travelling to a particular venue by estimating a binary 
logit model for private vehicle and public transportation alternatives. Binary logit model is a special type of more 
general multinomial logit model (MNL) which deals with the preferences of individuals from a set of mutually 
exclusive and exhaustive alternatives. MNL is based on random utility theory that treats the preferences 
pertaining to the utilities of alternatives. According to this theory, among a number of alternatives, each 
individual picks the alternative that has the highest utility. The utility of an alternative i is composed of a 
deterministic and non-random component (Vi), and a stochastic component (İ) that represents the idiosyncrasies 
in tastes, as presented in Eq. 3 (McFadden, 1974; Ben-Akiva & Lerman, 1985). 
ε+= ii VU   (3) 
McFadden (1974) is among others that formulate the probability of choosing an alternative i (Pi) over an 
alternative j from a choice set C in the following form; 
( ) ( )ijjijjiii VVjiCjCiVVP εεεε −≥−=≠∈∈+≥+= Pr,,,Pr
 (4)  
Different forms of probabilistic choice models can be obtained by making various assumptions for the joint 
probability distribution of the stochastic terms in Eq. 4. Among a variety of models, the MNL model has been 
widely used in probabilistic choice modeling studies since it offers a simple mathematical form and an easy 
estimation procedure (McFadden 1974, Domenchic & McFadden 1975, Ben-Akiva & Lerman 1985). Ben-Akiva 
and Lerman (1985) presented a different form of Eq. 4 for calculating Pi as the following; 
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Eq. 5 allows the computation of choice probabilities at the disaggregate level. At the aggregate level, the MNL 
model allows this calculation in a relatively simple way presented by Eq. 4. 
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i   (6) 
In this equation, Pin is the choice probability of alternative i for individual n. This equation indicates that the 
aggregate choice probability of an alternative is equal to the sum of all disaggregate choice probabilities divided 
by the total sample size. 
6. The Variable Set 
The entire dataset compiled in this study contains a total of 10 attributes (presented in Table 1). However, 
while determining the final variable set to be used for the estimations, not all of the attributes could be 
incorporated as variables. During the preliminary study that is performed by carrying out a number of estimations 
with different levels and configurations of available attributes, some were excluded from the analysis on grounds 
of multicollinearity, overall model stability, candidate variable’s representative value and/or similarity to other 
attributes. In this context, by checking the correlations among pairs of attributes, number of matches attended per 
season and private vehicle ownership status are removed from the variable set. The former is removed on the 
basis of its high correlation and similarity with season ticket owner status whereas the latter is dropped due to its 
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high correlation with income and negative influence on the model stability by leading to the understatement of all 
other attributes when present in the model. In terms of included attributes, age, income and trip time are 
incorporated to the model as dummy variables by using respective cut-off values while trip cost is added by 
calculating its rate in the individual’s daily income for a better understanding and representation of their effects. 
As a result, six variables presented in Table 4 are used. 
Table 4. The variables and their brief explanations 
 
 
 
 
 
 
7. Estimation Results 
The coefficient estimates, their t-statistics and overall goodness-of-fit parameters of the special events mode 
choice binary logit model is presented in Table 5. In accordance with the specifications of logit model estimation 
the variables that do not change among alternatives (the ones related to the individual) are present only in one of 
the utility functions while trip time and trip cost related variables are allowed to vary in both utility functions.  
According to Table 5, the -2LL test statistic is exceeding the critical Ȥ2 value of 15.51 with 8 degrees of 
freedom at 5% level of significance indicating an improved model compared to the base model (base model is 
selected as the market share model). Moreover, the pseudo-R2 (ȡ2) value of 0.214 does not point out any 
problems in the overall goodness-of-fit. 
A broad look at the estimation results show that gender and owning a season ticket (both of which are favoring 
the use of private vehicle according to the signs of the coefficients) are insignificant in mode choice of 
individuals. This outcome is an obvious inference of high public transport use in the entire sample regardless of 
the gender and attendance frequency. 
According to the coefficient estimates of significant variables presented in Table 5, the following deductions 
can be made: 
• As expected and evidenced by the negative signed coefficient of variable LINC, individuals with lower 
income will less likely use private vehicle to arrive to a particular venue. This outcome is not only because of 
the well-known positive relationship between income and private vehicle use but also due to low car 
ownership of individuals having a monthly income less than 1500 TL/month in the sample; only 22% of them 
own a private vehicle (68% of the remaining individuals and around 45% of the entire sample own a private 
vehicle). 
• According to the positive signed coefficient estimate of variable AGH40, individuals over 40 will more 
probably travel to venue by their private vehicles (if exist) compared to younger individuals. This outcome, 
again, has a lot to do with income and car availability since the average income of individuals over 40 is 
around 3700 TL/month (nearly double the sample average) and more than 80% of them own a private vehicle. 
• The structured variable of trip cost also presents anticipated results. As a general rule, for logit models, it is 
not possible to analyze and compare the magnitude of the impact of a variable on different alternatives simply 
by comparing the values of the coefficient estimates while it is possible to examine the way of the impact 
(negative or positive). As evidenced by negative signed and roundly significant coefficient estimates of 
VARIABLE EXPLANATION 
MALE 1 if the individual is male, 0 otherwise 
OSTIC 1 if the individual is a season ticket holder, 0 otherwise 
AGH40 1 if the individual is older than 40, 0 otherwise 
LINC 1 if the individual’s monthly  income is less than or equal to 1500 TL/month, 0 otherwise 
TSM50 1 if the perceived trip time is less than 50 min, 0 otherwise 
DCINC Trip cost / Daily income of the individual 
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variable DCINC for both modes, a general increase in disutility occurs as the proportion of the cost of the trip 
in the total income increases. Although this deduction is more or less a general one for transportation analysis, 
the impact of cost on choice is probably more intense for special events due to the presence of additional costs 
including parking cost (which may not even be present unless there is a special event) and ticket cost of the 
activity. 
• The trip time variable TMS50 yields opposite results for private vehicle and public transport. According to the 
estimation results for trips that take less than 50 min, individuals will more likely prefer private vehicle over 
public transport. While one might expect a counter outcome (preference towards private vehicle for longer 
trips and vice versa), the dynamics generated by special events and the conditions of the transportation supply 
may lead to the outcome represented by the estimations. Generally, the level of service, comfort and other 
qualities of the transportation supply (infrastructure and vehicles) worsens during special events and this may 
direct individuals with private vehicle availability to switch to more comfortable and convenient modes, in 
this case, the private vehicle. 
Table 5. Coefficient estimates and t-statistics of the special events mode choice model 
 Coefficient t-statistic 
PRIVATE VEHICLE 
MALE 1.158 1.279 
OSTIC 0.384 0.961 
AGH40 0.935* 1.808 
LINC -1.123** -2.005 
TSM50 0.997** 2.566 
DCINC -1.076* -1.781 
Constant -3.261** -3.283 
PUBLIC TRANSPORT 
TSM50 -0.970** -2.367 
DCINC -8.500** -3.155 
Number of observations 199 
LL(β) -86.383 
LL(M) -109.941 
-2LL 47.116 
ρ2 0.214 
Note. Coefficients which are statistically significant at 90% level or greater are in boldface. * Significant at 90% confidence level. ** 
Significant at 95% confidence level. 
8. Discussion and Conclusions 
This study establishes a starting point for the policy-based planning of special events in Istanbul which is 
usually overlooked despite their obvious negative impacts. The model estimated in this study shows that the any 
policy measure should focus on different age groups with a special emphasis on spectators older than 40 years-
old. Although the current modal choices represent overdependence for the use of public transport, considering the 
economical dynamics of a developing country like Turkey, it is not a mistake to worry about the individual 
preferences in the future. As a well-known fact, increase in personal income triggers an increase in private 
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vehicle ownership and use. When the average monthly income of spectators younger than 40 years-old is 
compared with the same average income of spectators older than 40, it is observed that the difference is 
statistically significant. In this context decision makers should expect such a development and not disregard 
future increases in private vehicle use. Moreover, the unexpected inclination towards the use of private vehicle 
for shorter trips requires special attention as well. 
Acknowledgment 
The authors express their appreciation to S. Cankat Tanriverdi for his collaboration in conducting the surveys.  
References 
Anita, C. (2000). Games’ plan: Sydney’s Olympic. Traffic Technology Int., 24-29. 
Ben-Akiva, M., & Lerman, S. R. (1985). Discrete choice analysis: Theory and applications to travel demand. Cambridge: The MIT Press. 
Domenchic, T. A., & McFadden, D. (1975). Urban travel demand: A behavioral analysis. Amsterdam: North Holland Publishing Company. 
Frantzeskakis, J. M., & Frantzeskakis, M. J. (2006). Athens 2004 Olympic Games: Transportation planning, simulation and traffic 
management. Inst. Transp. Eng. J., 76(10), 26-32. 
McFadden, D. (1974). Conditional logit analysis of qualitative choice behavior. In P. Zarembka (Ed.), Frontiers in Economics (pp. 105-142). 
New York: Academic Press. 
Valk, P., & Showalter, C. (2010). Using TDM to manage traffic at special events. Lecture Notes. 
Yan, L. C., Yang, S. S., & Fu, G. J. (2010). Travel Demand Model for Beijing 2008 Olympic Games. Journal of Transportation Engineering. 
136, 537-544. 
Yuan, L., Zhang, X., & Zhang, H. J. (2009). The development of traffic management procedures in planned special events. International 
Conference on Transportation Engineering, 826-831. 
